X-ray photoelectron spectroscopy. The experiments were carried out using a Scienta ESCA 200 spectrometer. The vacuum system consists of an analysis chamber and a preparation chamber. X-ray photoelectron spectroscopy (XPS) are performed in the analysis chamber at base pressure of 10 -10 mbar, using monochromatized Al K α X-rays, at hν = 1486.6 eV. The experimental conditions are such that the full width at half maximum (fwhm) of the gold Au(4f7/2) line is 0.65 eV. The binding energies are obtained with an error of ± 0.05 eV. Conductivity and film surface measurements. Freeze-dried PEDOT-S:H was dissolved in milli-Q water at a final concentration of 20 mg ml -1 . Spin-coating was done on clean glass substrates at 2500 rpm, which resulted in a film thickness of 100 nm measured by a profilometer (Dektak, Veeco). The conductivity measurement was made by using a fourprobe setup with four identical metal needles with 1 mm spacing, connected to a Keithley parameter analyzer. was added. After 20 minutes Na 2 S 2 O 8 (0.29 g, 1.22 mmol) dissolved in water (2 ml) was added drop wise to the stirred solution. After three hours the reaction was quenched by dilution with acetone (40 ml). The polymer was centrifuged (5 min, 3500 rpm), dissolved in water (7 ml) and precipitated from acetone (40 ml). The procedure was repeated twice.
DLS Measurements. The hydrodynamic radius (R h
)
Polymer synthesis and characterisation
Aqueous solution of the sodium salt polymer have been stirred with DOWEX ® MARATHON ® C cation exchange resin to get the sulfonic acid form of the polymer. The PEDOT-S:H polymer was loaded, in 3 ml batches, on a PD-10 size exclusion column (SephadexTM G-25 M), and eluated with 3 ml of water. Finally the polymer was dialysed against de-ionized water for two days using a 3500 g mol -1 cut-off membrane (Spectra/Pore) and freeze-dried prior to use. The yield was quite high, ~ 40 % with respect to monomer unit.
NMR spectroscopy in D 2 O gave broad signals in agreement with doping of PEDOT-S:H, however, due to poor resolution no good spectra were obtained. Molecular weight determination was not possible using MALDI-TOF or AUC (Analytical Ultra Centrifugation), but was however determined through GPC chromatography. GPC measurements for PEDOT-S:H gave the values M n =1700 (g mol -1 ), M w =5500 (g mol -1 ) and M z =10000 (g mol -1 ) which corresponds to a degree of polymerization (DP) of about 16 monomer units (more information about the GPC analysis can be given on request). Similar results have been reported elsewhere for PEDOT-S synthesized by different polymerization methods. Zotti G.
et al. showed that PEDOT-S, chemically polymerized from water with Fe(OTs) 3 , had similar degree of polymerization (DP = 15), but with a lower conductivity (1-5 S cm -1 ).
[1]
Elemental analysis. Tables S1 and S2 Table S2, sulfate ions alone could give a ~1.8% doping level of the material based on the observed mass ratios of carbon (40.7 %) and sulfur (19.9 %). The polymer was also subjected to ICP-MS (inductively coupled plasma mass spectroscopy) metal analysis that showed negligible amounts of iron (<0.01 mass%) and sodium (<0.01 mass%) ions present. The low metal content indicating that the protonation of the sulfonate moieties is extensive. Table S2 shows that 3.6% of the polymer is not accounted for. This can be associated with the 1.8% presumed doping level of sulfate ions, but also due to moisture absorbed by PEDOT-S:H during the synthesis. X-ray photoelectron spectroscopy. The estimated sulfate level is in good agreement with that determined by means of S(2p) XPS spectrum, which is shown in Figure S1 . Peak deconvolution of the S(2p) core level was carried out using two spin-split doublets (2p 3 essentially one SO 3 -substituent per ring as predicted from the synthesis. The PEDOT part of the S(2p) spectrum is significantly better resolved than the case of PEDOT-S. [3] The binding energy of the core level features is affected by both inter-and intra-molecular screening, and variations thereof leads to variation in measured binding energy and hence broadening of the spectra. As the two S(2p) spectra discussed were taken in the same spectrometer and under identical conditions, the better resolved features suggest an increased chemical and physical order in the current film. Figure S4 . Atomic force microscopy on PEDOT-S:H samples. a) bar coated PEDOT-S:H on PEDOT:PSS. b) bar coated PEDOT-S:H on PEDOT:PSS, subsequently patterned. In both cases the scan size was 1 µm, the height scale is 20 nm. 
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